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The present paper  furnishes  additional  evidence in support of the 
view of the mechanism of urea retention in Bright's disease advanced 
by  Widal  and  Javal  in  1904  (1).  Upon  their  conception  of  this 
mechanism  was based the later  work of Ambard  and  WeiU  (2)  and 
of the  author  (3).  On  account  of a  present  general  misconception 
of the mechanism of urea retention, it seems advisable to add further 
evidence in favor of the hypothesis originated by the French school, 
although all credit for the conception must be given to these writers. 
It is  not  proposed  at  this  time  to  discuss  the  respective merits  of 
diagnostic tests of renal function, either in regard to their reliability 
or simplicity.  These studies have been carried on with the view of 
establishing  certain  laws which  have  biological  significance  and are 
apparently valid. 
For the purposes  of the present paper  the term  urea  retention  is 
intended to mean a  relatively increased concentration  of urea in the 
blood and tissues, such as may occur over rather long periods of time 
in  acute and  chronic nephritis  and is attributed  to a  disturbance  in 
renal function. 
It does not refer to the more rapid accumulation of urea which may 
occur as a  result of partial or complete suppression of urine,  due not 
to a specific defect in the function which has to do with the excretiou 
of urea,  but to  a  suspension of that  function which has  to  do with 
the  elimination  of  fluid  through  the  kidneys.  Such  accumulation 
commonly occurs in oliguria due to passive congestion of the kidneys, 
or to  any other  cause.  Neither  does it  refer  to the  long  continued 
positive nitrogen  balance which has been described by some authors. 
Widat and Javal (1) kept a woman aged 34 years under observation for 4 months, 
during  which time the nitrogen  balance  was carefully observed.  The  patient 
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had been ill for 1 year with chronic nephritis  and the general condition remained 
unchanged during the period of observation.  The urine albumin varied between 
1.0 and 2.5 gm. per liter.  The chloride balance was perfect.  They found  that 
the patient came into nitrogen  equilibrium  readily  after changes in the nitrogen 
intake,  though  somewhat  more  slowly  than  a  normal  individual.  They  also 
found that the concentration  of urea in the blood bore a direct relation to the diet, 
and  on a  constant nitrogen  intake  was  practically  constant.  After changes  in 
diet the blood urea could be restored  to the former level by a return to the orig- 
inal  diet.  They succeeded in  causing the concentration  of urea  in the blood to 
increase from 0.36 to 1.93 gin. per liter by increasing the nitrogen  intake.  As a 
result  of their experiment,  they concluded  that the fluctuations  in  t]ae level  of 
blood urea were due to the changes in diet,  and that the increased concentration- 
of urea  in  the blood,  which  occurred  in  response  to increased  nitrogen  intake, 
effected the elimination  of increased amounts of urea through the kidneys.  The 
organism therefore remained in nitrogen equilibrium.  In otber words, high nitro- 
gen intake,  relatively  high blood urea,  and high rate of excretion  were found to 
be parallei  and  interdependent  phenomena,  as  were low nitrogen  intake,  rela- 
tively low blood urea,  and low nitrogen  output.  The term relative is used since, 
as has been repeatedly pointed out, there can be no absolute standard for the con- 
centration of urea in the blood, either in health  or in disease.  The above hypoth- 
esis received further support from the work of Ambard and Weill (2), who dem- 
onstrated that the rate of urea excretion depends primarily  on the concentration 
in the blood.  Numerous authors have confirmed the observation  of Widal  and 
Javal on the dependence  of the concentration  of urea in the blood on the level 
of protein intake. 
The present paper deals chiefly with the detailed study of  two cases 
similar to the study made  by Widal  and  Javal,  with  a  simultaneous 
study of the state of the urea excretion function by the index of urea 
excretion, based on Ambard's laws, previously described  (3).  These 
two cases reveal the interrelationship between nitrogen intake,  blood 
urea  concentration,  and  nitrogen  output,  and  show  that  changes 
in the separate factors may occur while no change in the actual abil- 
ity of the kidneys to excrete urea is demonstrable.  Additional data 
are presented,  from other cases, which show in common a  character- 
istic not previously described. 
Methods  of Observation. 
The  two  patients  first  described  were  cases  of  chronic  nephritis 
selected  on  account  of  their  diminished  urea-eliminating  function, 
with little or no impairment of the function of water excretion.  They FIIANKLIN C. ~cLEAN  183 
were  ambulatory patients,  apparently  not  in  a  progressing  state  of 
the  disease,  and were able to tolerate the  dietary changes well.  "On 
account of the length of the experiments it was thought  advisable to 
allow a  somewhat more varied diet than is usual  in metabolism ex- 
periments, but the protein-containing foods were analyzed frequently, 
and were not varied from day to day.  Protein was given chiefly in 
the  form  of  eggs,  bread,  and  milk.  The  chloride  and  fluid  intake 
were also kept constant.  Urine and stools were collected for 24 hour 
periods and analyzed daily for nitrogen.  Blood urea was determined 
about twice a  week, with a  simultaneous urine analysis on a  carefully 
timed specimen, in order to compute the index of urea excretion. 1 
Both  the patients  tolerated the  regimen well and  showed little  or 
no change in the general condition at the end of the experiment. 
Case 1.--C. P., male; age 48 years (Table 1, Text-fig. 1). 
Diagnosis.--General  arteriosclerosis,  chronic interstitial nephritis. 
The patient was first admitted to the hospital on September 14, 1915, and was 
kept under observation until June 5, 1916.  He complained of general weakness 
and loss of weight which had been progressing for 4 or 5 years.  Physical exam- 
ination  revealed  an  advanced  grade  of  peripheral  arteriosclerosis.  The  heart 
was  slightly  enlarged.  The  rate  and  rhythm  were  normal.  There  were  no 
murmura.  Fluoroscopic examination and  the  x-ray plate of the  chest  showed 
an enlarged aortic arch.  The blood pressure was 180 systolic and 110 diastolic. 
The urine  was clear, straw-colored, neutral; specific gravity 1,011.  There was 
a heavy trace of albumin, but no sugar.  Hyaline and finely granular casts were 
present, but not in large numbers.  No red blood cells were found.  The total 
elimination of phenolsulfonephthalein was 30 per cent in 2 hours on September 15. 
The patient reentered the hospital in October and the nitrogen balance was 
determined from October 26 to December 29.  The findings  during this period 
1The index of urea excretion is computed from the concentration of urea in 
the blood,  the rate of urea excretion,  the concentration of urea in the urine, and 
the weight of the patient, according to the following formula. 
D  ×  8.96 
Index of urea excretion (I) =  Wt.  X  Ur3 
D  --- gm. of urea excreted per 24 hours. 
C  =  "  "  "  per liter of urine. 
Ur.  =  "  "  "  "  "  "  blood. 
Wt. =  body weight of individual,  in kilos. 
For further details consult the description of the index in previous papers (3). 184  UREA  RETENTION  IN  NEPHRITIS 
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TEXT-FIG.  ].  Case 1.  Graphic presentation of the data in Table I :FRANKLIN  C.  McLEAN  187 
of  observation are  given in Table I.  The patient  tolerated  the  strict  dietary 
regimen well, and complained only of gastric distress at times. 
At the time of discharge from the hospital, the patient had gained in weight 
and strength, but there had been no change in the urinary or blood findings. 
Case 2.--W. F., male; age 17 years (Table II, Text-fig. 2). 
Di.agnosis.--Chronic interstitial nephritis, aortic and mitral stenosis. 
Admitted to the hospital on March 27,1916.  The patient seemed quite well, but 
was brought to the hospital on account of albuminuria.  This had been discov- 
ered 1 year before, after a brother aged 18 years had died suddenly of uremia. 
The patient had had three attacks of rheumatism, 6, 4, and 2 years ago.  Follow- 
ing the last attack, he had heart failure, with edema of both legs, which had been 
relieved by administration of a drug which caused a marked diuresis.  No history 
of scarlet fever, measles, or diphtheria was obtained. 
On physical examination the  patient  appeared to be a  normal healthy boy 
aged  17  years, well nourished,  and with  good  color.  The heart  was enlarged, 
and there was a systolic murmur at the apex and a diastolic murmur at the base. 
There were no signs or symptoms of heart failure.  The blood pressure was 140 
systolic and 85 diastolic.  The urine was clear, straw-colored,  and  acid; specific 
gravity 1,012.  There was a heavy trace of albumin, and no sugar.  The sedi- 
ment contained hyaline casts, leukocytes, and occasional  red blood ceils. 
The patient was kept under close observation, and the nitrogen balance deter- 
mined from March 28 to June 11.  During this time there was no change in the 
general condition.  On May 31, 40 gm. of urea were added to the diet, on June 1, 
40 gm., and on June 2,  20 gin.  No effect was noticed except that the patient 
asked for an increase in the daily allowance  of fluid.  The patient stated that he 
felt no change in his condition on or after these days. 
Since discharge from the hospital the general condition has remained unchanged. 
When last examined on November 22,  1916, the urine was amber and turbid; 
specific gravity 1,012.  1.2 gin. of albumin per liter of urine were found (Esbach). 
There  were a  few  casts  in  the  sediment.  The  blood  urea  concentration  was 
0.774 gin. per liter and the urea index was 28.2. 
Since  Cases  1 and  2  are exactly similar, they will be discussed to- 
gether.  Both  show  the  essential  features  described  by  Widal  and 
Javal in  their  case; that  is,  a  close parallelism  between  nitrogen  in- 
take,  concentration  of  urea  in  the  blood, and  nitrogen  output. 
Changes in nitrogen intake were always quickly followed by a  change 
in the  concentration  of urea in the blood and in nitrogen  output,  so 
that  nitrogen  balance was reestablished  on  the  new  level.  In  Case 
2 extremely wide fluctuations in the concentration of urea in the blood 
were obtained, from a  minimum of 0.262  gin. per liter to a  maximum 
of 2.542  gin.  It is significant that the upper limit was far above the 188  UREA  RETENTION  IN  NEPHRITIS 
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concentration in the blood at which Hewlett,  Gilbert,  and Wickett 
(4)  believe that  toxic  effects of urea  appear.  The  subject in  this 
case is one in whom uremic symptoms should appear when the blood 
urea rises to a high level, if these symptoms are in any way referable 
to urea.  As a matter of fact, no effect was noted beyond an increased 
fluid output, a slight loss in weight, and increased thirst. 
The findings regarding urea excretion are of especial interest.  In 
Case 1, with a variation in blood urea concentration from a minimum 
of 0.211  gin. per liter to a  maximum of 0.858  gin., the index of urea 
excretion remained remarkably constant.  In eighteen observations, 
with an average of 21.4, a  figure below 16.4 is noted only once, and 
above 26.4  three times.  The variations must be regarded as insig- 
nificant when the complexity of the formula and the possibility of error 
in obtaining the final result are taken into account. 
In  Case  2  a  somewhat greater range of variation is noted.  The 
most significant variation is that seen on June 2, when the blood urea 
~ached 2.542  gm. per liter.  Apparently the demand on the kidneys 
for the excretion of urea had exceeded their maximum capacity, and 
an  actual  accumulation had  begun.  This  occurred, however,  only 
when the nitrogen intake had been maintained at over 36  gra.  per 
day for more than 2 days. 
The two cases confirm the findings of Widal and Javal, and add the 
fact that no essential variation in the ability of the kidneys to respond 
to even high concentrations of urea in the blood at various levels of 
protein metabolism was  demonstrable,  until  a  very high  level was 
reached; that is,  the quantitative relationship that existed between 
the concentration of urea in the blood and the rate of its excretion 
remained the same at  all levels of protein metabolism.  The usual 
increase in  blood  urea  concentration in  nephritic individuals,  on  a 
liberal aUowance of protein,  can, therefore, hardly be attributed to 
diminished capa~city for urea elimination.  In these patients the capac- 
ity for urea excretion was far beyond the ordinary demands on that 
function, yet a  relative increase in the blood urea concentration is 
evident at all levels of protein metabolism. 
Several writers who have published observations obtained by means 
of  Ambard's  laws  have  emphasized  the  variations  which occur iu 
normal  individuals.  These  variations,  which  may  be  quite  wide~ 192  UREA  RETENTION  IN  NEPHRITIS 
are known to occur in the same individual and among different in- 
dividuals.  Attention  has  repeatedly  been  called  to  similar  obser- 
vations in previous papers  (3).  These variations, however,  do not 
appear  to affect the validity of Ambard's laws.  Evidence that the 
laws are valid in as far as the variables considered are concerned seems 
conclusive.  If  this is  true,  then  variations in  the  results  must  be 
accounted for by changes in the individual which introduce certain 
variable  factors  not  represented  in  the  formula.  We  have  pre- 
viously suggested that the variation may be due in part to such vari- 
able factors. 
In the first place, it has been generally recognized that the results 
are  more  nearly' constant  in  nephritic  individuals  than  in  normal 
individuals.  The  cases  outlined  above  illustrate  the  constancy of 
the laws in two individuals with a  marked disturbance in the elim- 
ination of urea.  It is  in normal individuals,  as  has  already  been 
noted,  that a  marked variability occurs in the index,  although the 
findings do not, as a  rule, give rise to doubt as to whether the indi- 
vidual falls within a  normal or an abnormal group.  Variability or 
elasticity of  this  sort  probably  represents  a  factor  of  safety.  Its 
loss, therefore, would seem to be a  sign of disease, even though this 
loss occurs before any quantitative diminution in renal function ap- 
pears.  If this assumptio  n  is correct, we should expect to find indi- 
viduals in whom normal, or nearly normal quantitative estimations 
of renal function are found, but in whom, on repeated examination, 
there is the striking constancy in numerical results of the application 
of Ambard's laws that is shown by distinctly abnormal cases.  These 
individuals would  not,  then,  be  considered  normal.  Cases  3  to  6 
(Tables  III  to  VI)  show this  constancy in  numerical value  of  the 
index. 
Case 3.--E. C., female; age 39 years (Table III). 
Diagnosis.--Mitral stenosis, arterial hypertension, hypertrophy of heart. 
The patient was under observation from December 2, 1915.  She complained 
of headache, cough, and dyspnea on exertion, and presented the physical signs 
of mitral stenosis.  There was no edema.  Her blood pressure varied while  under 
observation from 210 systolic and 130 diastolic, to 140 systolic and 80 diastolic 
after rest in bed.  Examination of the urine on December 11  showed it to be 
clear, amber, acid, and to contain a very faint trace of albumin but no casts or FRANKLIN  C.  ~cLEAN  193 
sugar; specific gravity 1,027.  On repeated examination the amount of albumin 
varied from negative to a  trace.  Hyaline casts were  found but once.  The pa- 
tient was subjected to alterations in diet, but the nitrogen balance was not deter- 
mined.  Her general condition improved with  complete rest, but there was no 
change in the physical signs, except for lowering of blood pressure. 
The  total  elimination of  phenolsulfonephthalein on  December  2  was  65 
per cent in 2 hours. 
The findings regarding urea excretion in the six observations which were made 
are tabulated in order, according to the concentration of urea found in the blood. 
TABLE  III. 
Case 3. 
Date. 
1915-16 
Dec. 31 ....... 
an.  26 ....... 
Dec.  3.  .. 
¢¢  2.. 
an.  11  .. 
Dec. 14. 
Neight 
72.2 
69.6 
76.0 
75.5 
72.0 
74.6 
Urine in 
24 hrs. 
7,100 
9,300 
4,900 
10,200 
2,020 
2,600 
~rea. 
Index of 
Per liter of  ]Per liter  of  Amount  in  excretion 
blood  urine  24 hrs.  (I*). 
(Ur.*).  (C*).  • (D*). 
0.107 
0.170 
0.187 
0.196 
0.252 
0.300 
gM. 
1.30 
1.69 
3.13 
2.23 
8.82 
9.35 
gm. 
9.07 
15.7 
15.3 
22.8 
17.85 
24.3 
112 
91 
92 
105 
104 
99 
* For the explanation of these abbreviations see  the formula for the index of 
urea excretion.  1 
Case 4.--J. F., male; age 43 years (Table IV). 
Diagnosis.--Mitral stenosis, auricular fibrillation, chronic heart failure. 
The patient was admitted on November 27,  1915, and remained in the hos- 
pital until Jniy 11,  1916, when he died.  During the entire stay he presented a 
typical picture of chronic cardiac valvular disease with heart failure.  Response 
to  treatment was  at times striking, but never prolonged, and the patient was 
never entirely free  from edema.  The amount of albumin in the  urine varied 
from a very faint trace, at times when the elimination of urine was best, to 3.0 
gin. per liter (Esbach) at times when the other signs of cardiac failure, such as 
dyspnea, cyanosis, edema, and scanty urine, were worst.  Hyaline and granular 
casts were present in abundance at times, but were few in number or absent when 
the urine albumin was low in amount.  Red blood cells of undetermined origin 
were constantly present.  The findings regarding urea excretion also varied with 
the condition of the patient, quantitatively  normal findings being present at times 
when other signs were favorable.  The table shows  four successive observations 
made during one of these periods.  At this time the patient was voiding an amount 194  UREA  RETENTION  IN  NEPHRITIS 
of fluid in excess of his intake, felt fairly well, and the edema was  disappearing. 
The urine on March 11, was amber, turbid, and there was a very faint trace of 
albumin; specific  gravity  1,019.  The  sediment contained red  blood cells,  but 
no casts were seen. 
TABLE IV. 
Case 4. 
Date. 
1916 
Mar.  7... 
~  9  .... 
"  12... 
Velght 
kg. 
63.0 
62.6 
62.0 
60.8 
Urine in 
24 hrs. 
tag. 
1,220 
900 
1,200 
1,280 
Per liter of 
blood 
(Ur.). 
gm. 
0. 345 
0. 294 
0. 279 
0. 333 
Urea. 
Per liter of 
urine 
(c). 
gm. 
18.15 
17.65 
13.4 
17.2 
Amount in 
24 hrs. 
(D). 
22.1 
15.9 
16.1 
22.0 
Index of 
excretion 
(i). 
112 
108 
110 
121 
Case 5.--M. G., male; age 58 years (Table V). 
Diagnosis.---General  arteriosclerosis, chronic myocarditis, and hypertrophy of 
heart. 
The patient was admitted to the hospital on December 8,  1915, and remained 
under observation until April 3,  1916.  On admission he complained of swelling 
of the feet and dyspnea on exertion.  There was marked edema of both lower 
extremities.  The heart was considerably enlarged, the rate was rapid, and the 
rhythm normal.  A  systolic murmur was  heard  at  the  apex.  The urine was 
turbid, dark amber, acid, and contained 0.25 gm. of albumin per liter (Esbach) ; 
specific  gravity  1,013.  There  was  no  sugar.  The  sediment contained many 
leukocytes and leukocytic and hyaline casts.  After a  few days in bed without 
change in condition a  marked diuresis was induced with theocin (0.9  gm.  daily 
for 3 days).  The edema of the extremities rapidly disappeared, there being prac- 
tically none demonstrable on December 17, although fluid in the chest persisted 
for some time longer.  At this time there was only a  faint trace of albumin in 
the urine, with numerous leukocytes, but no casts in the sediment.  The general 
condition of the patient remained good.  The table shows all observations made 
on urea excretion from the time of admission until January 5, 1915, when theocin 
was again administered.  The patient later had  an attack  of  hemiplegia, and 
one of bronchopneumonia, but was discharged from the  hospital  in fairly good 
condition on March 5,  1916.  He died on May 31,  of a  second attack of hemi- 
plegia. ~'RANKLIN C.  McLEAN 
TABLE  V. 
Case 5. 
195 
Date. 
1915 
Dec.  9 
"  12 
"  13 
"  14 
"  15 
"  16 
"  20 
"  23 
"  27 
"  30 
1916 
an.  3 
"  5 
Weight, 
91.6 
91.6 
91.0 
89.2 
86.4 
83.8 
82.2 
80.2 
78.0 
78.0 
78.6 
77.8 
Urine in 
24 hrs. 
e.G. 
1,060 
2,000 
1,535 
2,840 
5,360 
3,400 
2,160 
2,360 
1,840 
1,620 
2,000 
1,800 
Urea. 
Per liter of 
blood 
(Ur.). 
0.403 
0.374 
0.381 
0.336 
0.232 
0.234 
O. 384 
0.361 
O. 461 
0.440 
0.457 
0.416 
Per liter of 
urine 
(0. 
19.43 
13.8 
14.1 
7.78 
6.4 
6.98 
14.1 
12.1 
19.6 
20.7 
19.85 
17.4 
Az  munt in 
.~4 hrs. 
(D). 
g~tt. 
20.6 
27.6 
21.7 
22 .1 
34.2 
23.7 
30.4 
28.6 
36.0 
36.6 
39.7 
31.3 
Index of 
excretion 
(1). 
55 
72 
55 
55 
167 
123 
85 
85 
86 
89 
97 
87 
Medication. 
Theocin. 
Case 6.--J. A., male; age 43 years (Table VI). 
Diagnosis.--Chronic interstitial nephritis, hypertrophy of heart. 
The patient was first admitted to the hospital in March,  1915,  and has been 
under almost  constant  observation since that  time.  He  suffers  from  frequent 
attacks of cardiac insufficiency associated with severe edema, ascites, and hydro- 
thorax.  He responds readily to treatment, and generally leaves the hospital in 
fairly good condition, without  dyspnea, cyanosis, or edema.  Table VI records 
the observations made during the patient's third stay in the hospital, and all the 
findings of the period from March 23  to April 20 are shown.  An unusual con- 
stancy in  the index of excretion is shown.  During this  time  the patient  was 
improving  rapidly while  taking  digipuratum,  0.2  gin.,  and  diuretin,  0.2  gin. 
dally, 5  days out  of 7.  The urine was  dear, amber, and  acid; specific gravity 
1,009.  There was a  trace of albumin, and a  few hyaline casts were seen in the 
sediment.  Fluid excretion during the period was constantly in excess of the in- 
take.  At other times the findings have shown a  marked difference from those 
detailed below.  The  patient  is  at  present  again in the  hospital, having been 
admitted for the fifth time. 196  UREA RETENTION IN  NEPHRITIS 
TABLE VI. 
Case  6. 
Date. 
1916 
Mar. 23. 
"  24.. 
"  25... 
"  27. 
"  28 ....... 
"  30... 
Apr.  ]  .. 
~c  3  .. 
~g  4  o. 
"  6  .. 
C~  8  ,. 
"  10 .... 
"  13 ....... . 
"  16 ..... 
"  18... 
"  20.. 
weight. 
kg. 
85.6 
84.8 
84.0 
78.6 
77.2 
76.6 
76.0 
76.6 
76.8 
74.8 
72.O 
71.8 
72.2 
72.0 
71.0 
69.8 
Urine in 
24 hrs. 
¢6. 
1,745 
1,300 
2,600 
1,400 
94O 
860 
1,100 
1,200 
1,200 
1,100 
700 
1,015 
1,300 
940 
900 
8OO 
Per liter of 
blood 
(Ur). 
gm. 
0.326 
0.312 
0. 310 
0.310 
0.300 
0.337 
0.340 
0.407 
0.423 
0.399 
0.354 
0.447 
0.507 
0.411 
0.414 
0.329 
Urea. 
Per liter of 
urine 
(C). 
gm. 
9.53 
11.6 
7.46 
9.4 
12.22 
14.52 
11.95 
16.4 
17.25 
15.55 
18.15 
18.8 
19.2 
16.35 
17.8 
15.8 
Amount in 
24 hrs. 
(D). 
g#f. 
16.62 
15.1 
19.4 
13.15 
11.5 
12.5 
13.15 
19.65 
20.7 
17.1 
12.7 
19.1 
24.95 
15,4 
16.05 
12.6 
Index of 
excretion 
(I). 
50 
56 
59 
48 
52 
51 
46 
56 
56 
51 
54 
52 
52 
46 
50 
59 
Cases 3, 4, and 5 show results regarding urea excretion resembling 
the normal as far as numerical value is concerned, but differing from 
healthy  individuals  in  that  they  show  no  tendency to  variation  in 
the numerical value of the index.  The significance of such findings 
has not yet been determined, but they have a  distinct bearing on the 
physiology of urea  excretion.  We  assume  that  as  a  result  of some 
unknown pathological change,  a  fixation of certain  factors involved 
in  urea  excretion  which  are  variable  in  normal  individuals  has  oc- 
curred.  The  numerical  results  remain  constant,  even  when  wide 
variations in  the  level  of protein  metabolism  are  brought about  by 
changes in the diet.  This was shown to be true in  Case 3.  Case 6 
shows  findings  more  definitely  pathological,  but  here  too  is  a  high 
degree of constancy in the index. 
In  Case  5,  during a  time  when the circulation was obviously poor 
and the urine showed evidence of renal passive congestion, the index 
was  nearly  constant  at  55.  The administration of  theocin  was  fol- 
lowed  by  marked  diuresis  and  a  temporary increase  in  the  index. FKANKLIN  C. McLEAN  197 
The  edema  disappeared  as  well  as  the  signs  of passive  congestion. 
The  index  then  remained  constant  at  about  85.  The  index  was 
accordingly capable of variation,  but not in the manner  that  varia- 
tion  ordinarily  occurs  in  normal  individuals.  One  must  conclude 
that  the  factors  which  are  usually  variable  in  normal  individuals 
were unusually fixed in this individual.  Case 4 resembled Case 5. 
Case 3 was one of those we are accustomed to include in the group 
of  primary  hypertension,  in  view  of  the  absence  of  demonstrable 
renal  lesion.  According to the  view just presented,  the kidneys  of 
this patient have lost their normal elasticity.  Whether this loss rep- 
resents  the  forerunner  of  an  actual  impairment  of  renal  functiorL 
must be left for further investigation to determine. 
DISCUSSION. 
The experimental facts presented demonstrate that the occurrence 
of a relatively increased concentration of urea in the blood follows the 
increased resistance with which diseased kidneys oppose the passage 
of urea.  When, as the result of feeding an increased amount of nitrogen, 
the concentration of urea in the blood rises,  a  parallel  increase in the 
rate of excretion of urea occurs.  When a point is reached at which the 
rate  of urea excretion is kept equal  to the  rate  of formation  by the 
organism, the level of urea in the blood ceases to rise and the organism 
remains  in  nitrogen  equilibrium.  But when  the  nitrogen  intake  in 
this individual is diminished, urea is excreted for a time more rapidly 
than it is formed, until the level of urea in the blood falls and reaches 
a point such that the rate of urea excretion is again equal to the rate 
of urea formation,  and the organism  is once more in nitrogen  equi- 
librium.  The  experiments  illustrate  the  events occurring  in  the  so 
called retention of urea. 
Fluctuation in the level of urea in the blood thus occurs in abnor- 
mal individuals in exactly the same way in which it occurs in normal 
individuals.  The mechanism of excretion remains the same, but on 
account  of the  increased  resistance  with  which  the  kidneys  oppose 
the passage of urea the rate of urea excretion becomes relatively less 
rapid than in the case of normal individuals, and the level of urea in 
the blood becomes relatively higher.  It is the rate of urea excretion, 
relative to the other conditions found and relative to the usual nor- 198  LrREA  RETENTION  IN  NEPIZIZITIS 
real rate,  that the index of urea excretion,  based on Ambard's laws, 
expresses in numerical form. 
As has been shown, the index  of urea  excretion may vary within 
wide limits  in  normal  persons.  These  limits  may be known  as  the 
limits  of normality,  and  their  extremes usually  lie between 80  and 
200.  Fluctuations to this  extent must,  we think,  be emphasized  as 
well as  the  degree  of  constancy  on which  insistence  has  until  now 
been  placed,  and  which  originally  supplied  the  evidence  on  which 
the laws of Ambard were based. 
In  certain  individuals, however, not  fluctuation  but extreme  con- 
stancy, to which we now apply the term fixation, is the rule.  Fixa- 
tion is, in some cases, too striking  to be considered as due to  coin- 
cidence.  It  is dwelt upon in this  paper  on account  of the  support 
which it gives to the laws of Ambard.  It appears now to be desir- 
able  to  distinguish  between  extreme  constancy  or  fixation  and  the 
relative  constancy  which  we  find  in  normal  persons.  The  relative 
constancy of normal individuals  is intended  to include,  as has  been 
stated, a  certain fluctuation as far as numerical values are concerned. 
It must be taken to include that  degree of fluctuation,  almost  always 
above the level of 80, which normal people often exhibit.  Fluctua  - 
tion of this type has been found by all observers and is greater than 
the  range  of experimental  error.  The  cause and  the  significance  of 
fluctuation is difficult to determine.  It may depend either  upon the 
influence of variable factors not determined as yet, and therefore not 
included in the formula, or on the fact that the ascertainable values 
now included in the formula do not hold that  relation to each other 
which the laws imply.  The latter interpretation  we hold to be inad- 
missible because there is a  sufficient degree of constancy, even under 
conditions where fluctuation occurs, to furnish strong evidence of the 
validity of the laws.  In certain abnormal  conditions where fixation 
has been shown to occur, the striking  degree of constancy obtained 
must  be interpreted  as adding  greatly  to this  evidence already fur- 
nished  by the  degree of constancy  obtained  in  normal  individuals. 
The pathological significance of this fixation, especially when it occurs 
within the limits of normality, is not yet determined. 
Finally,  we have  failed to note uremic symptoms in  a  patient  in 
whom the concentration of urea in the blood rose, under experimental 
conditions, to 2.542 gm. per liter. FRANKLIN  C.  McLEAN  199 
CONCLUSIONS. 
1.  Urea retention, in the sense of a  relatively increased concentra- 
tion in the blood, is the result of increased resistance to the excretion 
of urea through the kidneys. 
2.  The relatively increased concentration of urea in the blood over- 
comes  the  increased  resistance  to  excretion,  and  the  organism  is 
thereby maintained in nitrogenous equilibrium. 
3.  The  laws  formulated  by  Ambard  for  the  excretion  of  urea 
apply in the condition of urea retention under a widely varying range 
of conditions, as to nitrogen intake and excretion. 
4.  The  numerical  value  of  Ambard's  constant  changes  in  urea 
retention,  but  the  relation  of the  variable  factors  to  one  another 
remains otherwise unchanged. 
5.  In certain individuals, with otherwise normal findings in regard 
to urea excretion, an unusual degree of constancy, to which we have 
applied  the term fixation, has  been found in  the  numerical results 
obtained  by  the  application  of  Ambard's  laws.  These  individuals 
are regarded, as the result of this study, as probably abnormal, but 
the pathological significance of the fixation has not been determined. 
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